Abstract: This paper presents the performance characteristic of a Francis hydro turbine with an inline casing. This turbine is designed for city water supply system. Due to large changes in ground elevation with high points and low points, some systems may experience larger-than-normal required pressures in areas with low ground elevations. One way to dissipate these excess pressures is by the use of an inline-turbine instead of an inline-pressure reducing valve. For best applicability and minimal space consumption, the turbine is designed with an inline casing instead of the common spiral casing. As a characteristic of inline casing, the flow accesses to the runner in the radial direction, showing a low efficiency. The installation of vanes improves the internal flow and gives the positive encouragement to the output power. For the power transmission to the outside of the turbine casing from the runner axis, a belt passage is designed in the inline casing, as its influence, the region after the belt passage shows a relatively low output power. The clearance gap in the runner side space is considered, in which a small volume of flow is contracted into the clearance gap, forming the leakage flow. The leakage flow leads to a decrease in the efficiency.
Introduction
Energy can be acquired from the water which is always in motion. In the 19th century, turbine was designed as an energy collector capturing the energy from the fluid flow. Today
Francis turbines are primarily used in the world, ascribing to the wide range of head and flow rate. Besides, the most important fact is that its efficiency can be as high as over 90%.
For this study, the Francis turbine is designed for city water supply system. Generally speaking, a pressure relief valve is normally used in the system as jet flow with high pressure will be formed when water is directly supplied to the citizen. In the meantime, large amount of available energy is wasted. A new type of Francis turbine is suggested to be applied in this situation to recycle the energy and decrease the pressure.
In general, spiral casing is preferred used in a Francis turbine to supply water from the penstock to the vanes and through its unique shape of continual cross sectional area reduction, it maintains a near uniform velocity of water around the vanes.
However, due to the simplicity of the water supply piping system, an inline flow passage is required. Therefore, the turbine is designed with an inline casing to meet the demand of a compact size and simple structure. With the absence of the spiral casing, the flow accesses to the runner in the radial direction, which leads to a low efficiency.
The guide vane and stay vane have been proved of outstanding performance in the Francis turbine with spiral casing
. In order to improve internal flow and efficiency of the turbine in this study, guide vanes and stay vanes are suggested to be used, and the variation of internal flow by vanes will be analyzed with the modification of casing from spiral to inline type.
The performance prediction considers the influence of the belt passage and clearance gap, simulating the real operating condition of the turbine. Leakage flows are inherent to turbo-machinery as they form the presence of technological clearances between the fixed and rotating parts of the machine. It gives a significant influence to the performance of the turbo-machinery. The runner consists of 13 three-dimensional blades, with the crown and shaft supporting. In order to observe the influence of vane on the performance, three models with the different layout of vane are designed, as shown in Figure 3 . Turbine flow rate operating range varies to the guide vane opening as shown in Table 1 . Table 2 . Due to the complex structure, tetrahedral grids are applied for the inlet domain. The other domains are meshed with hexahedral grids and the high density
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Numerical methods
Hexahedral grid is applied in the region of runner blades, as shown in Figure 4 .
A suitable turbulence model is required for the complex flow phenomenon that occurs in the domains.
Figure 5: Performance curves by turbulence dependence test (case Ⅲ)
The turbulence model dependence test is carried out by using three turbulence models: k-ε, k-ω, SST. 
Results and discussion
In order to examine the performance and internal flow charac- 
Where ŋ is the efficiency; T is the torque on the runner; ω is the angular speed of runner rotating on its own axis; ρ is the water density; g is the gravitational acceleration; Q is the flow rate; ∆H is head. case III is shown in Figure 6 indicating that the stay vanes give an improvement to the internal flow.
The poor ability of inline casing in flow circumference direction guidance reduces the turbine hydraulic performance.
However, the vanes give a significant improvement to the flow condition and direction (discussed in the following chapters), making up the deficiency in hydraulic performance. Figure 7 shows the test plane and locations in the turbine. As a characteristic of inline casing, the flow enters the runner in the radial direction. In case I, without any vanes distribution, the flow jets to the runner with a minimum loss of energy, shown as a maximum pressure at the runner inlet in 
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Where p in is the static pressure at the inlet of turbine casing and p is the local static pressure of test location, R is the radius of runner inlet. 
Conclusions
This paper presents the characteristic of a Francis turbine with an inline casing, the performance and internal flow improvement by the installation of vanes.
For the best application and minimal space consumption, the shape of casing is designed similar to an inline pipe, instead of the spiral casing. The radial direction flow guided by the inline casing gives quite low contribution to the power generation of the runner.
Furthermore, the belt passage in the casing reduces the turbine performance reflecting on the non-uniform distribution of the runner torque.
The installation of guide vanes causes a change in the internal flow and rapidly increases the efficiency of the turbine. More uniform flow in the turbine runner passage occurs when guide vane are used, the flow accesses to the runner with an appropriate inflow angle, no shock entry contributes to the minimum energy lose. The vortex in the runner passage is also eliminated.
Stay vane also gives improvement on the efficiency increase and fluctuation decrease.
The clearance gap in the runner side space is considered in the performance analysis, and the leakage flow leads to a 3% to 7% efficiency decrease.
